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Abstract
The dinuclear Cu(II) complexes [Cu(en)(MAA)(μ-CH3COO)]2 (1) and [Cu(pn)(MAA)(μ-CH3COO)]2 (2) where MAA,
en and pn are methacrylate, ethylendiamine and 1,3-propylendiamine, respectively, have been synthesized and charac-
terized by elemental analysis, FT-IR and UV-Vis spectroscopy. The structures of the complexes have been determined
by single-crystal X-ray diffraction analyses. In the dinuclear complexes 1 and 2 the two copper centers are five-coordi-
nated and exhibit distorted square pyramidal geometries. The theoretical geometries of the studied compounds have
been calculated by means of density functional theory (DFT) at the B3LYP/6-311+G(d,p)/LanL2DZ level considering
effective core potential (ECP). 
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1. Introduction
Recently, specific attention have been paid to the
synthesis of multinuclear complexes because of their im-
portance in the fields of bioinorganic chemistry,1–4 molecu-
lar magnetic materials,5,6 catalysts,7,8 and their interesting
chemical structures.2,8–13 One strategy for synthesis of di-
and multi-nuclear compounds includes the use of bridging
ligands and so metal centers are forced by the molecular
topology to stay close to each other.10–14 The carboxylates
and their derivatives exhibit various possible bonding mo-
des when coordinating to metal ions such as monodentate
and bidentate either by forming bridges or chelation. Ne-
vertheless, carboxylate ligands commonly act as bidentate
ligand in the transition metal complexes. Generally, each
of the two oxygen atoms of the carboxylate group are coor-
dinated to a different metal ion as bridging ligands.15–17
However, metal complexes with these ligands could adopt
different coordination modes, depending on the nature of
metal ion and the presence of other ligands.17–19
Copper is an essential element to biological func-
tions. The exchangeable portion of copper in blood pla-
sma occurs mainly as a result of mixed-ligand formation
involving copper–nitrogen interactions. Cu(II) mixed-li-
gand antineoplastic agents, containing diamine ligands
exhibit cytotoxicity, genotoxicity, and antitumor ef-
fects.20,21
In the present work, we report the synthesis, spec-
troscopic characterization, structural aspects and density
functional theory (DFT) calculations for two new mixed-
ligand Cu(II) complexes containing diamine, acetate and
methacrylate ligands. The complexes are synthesized by
reaction of diaminum-methacrylic acid salt (diamine are
ethylendiamine, en, and 1,3-propylendiamine, pn) with
Cu(II) acetate (Scheme 1). 
Here, the carboxylate ligands (acetate from the ini-
tial metal acetate input and methacrylate from diaminum-
methacrylic acid salt) are of particular interest, since the
carboxylate can coordinate to metals in different modes.
The carboxylate ligands are coordinated to the copper(II)
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ion in both monodentate and bidentate modes, and binuc-
lear copper complexes can be formed. 
2. Experimental 
2. 1. Materials and Methods
All chemicals were of analytical reagent grade
and were used without further purification. Infrared
spectra were taken with an Equinox 55 Bruker FT-IR
spectrometer using KBr pellets in the 400–4000 cm–1
range. Absorption spectra were determined in the sol-
vent of methanol using GBC UV-Visible Cintra 101
spectrophotometer with 1 cm quartz in the range of
200–800 nm. Elemental analyses (C, H, N) were per-
formed by using a CHNS-O 2400 II PERKIN-ELMER
elemental analyzer.
2. 2. X-ray Crystallography
Diffraction images 1 and 2 were measured at 150 K
on Agilent Xcalibur and SuperNova diffractometers us-
ing Mo Kα (λ = 0.71073 Å) and Cu Kα (λ = 1.54180 Å)
radiation, respectively. Data were extracted using the
CrysAlis PRO package.22 The structures were solved by
direct methods with the use of SIR92.23 The structures
were refined on F2 by full-matrix last-squares techniques
using the CRYSTALS program package.24 The H atoms
were initially refined with soft restraints on the bond
lengths and angles to regularize their geometry (C–H in
the range 0.93–0.98, N–H = 0.87, O–H = 0.82 Å) and
with Uiso(H) in the range 1.2–1.5 times Ueq of the parent
atom, after which the positions were refined with riding
constraints for those bonded to C and without constraints
for those bonded to N or O. Atomic coordinates, bond
lengths and angles and displacement parameters have
been deposited at the Cambridge Crystallographic Data
Centre. Crystallographic data and refinement details for
the complexes are given in Table 1. Details of the refine-
ment procedures for the structures are given in the Sup-
plementary Information.
2. 3. Theoretical Calculations
All computations were performed by means of
standard DFT method using the Gaussian09 (G09) pro-
gram package.25,26 The geometries of the studied com-
plexes have been optimized at the B3LYP level of theo-
ry.27 The basis set of 6-31G(2df,p) was used for the C, H,
N, and O atoms as recommended by Curtiss and his co-
workers, while the basis set of LanL2DZ was employed
for Cu atom considering the size of complexes and hard-
ware limitations.28–30 Special care was taken to select the
(global) minimum energy conformation via systematic
conformational searching at this level. The nature of each
stationary point was established by frequency calcula-
tions at the same level of B3LYP/6-31G(2df,p)/Lan-
L2DZ. The geometry optimizations have been completed
in the absence of solvent molecules and other impurities,
and the optimized structures were compared with the cry-
stalline structures. Charges on atoms have been calcula-
ted using Natural Bond Orbital (NBO) theory at the hig-
her level of B3LYP/6-311+G(2df,p)/LanL2TZf.31,32
Table 1. Crystallographic data and structural refinement for com-
plexes 1-2
Compound 1 2
Empirical formula C16H32Cu2N4O8 C18H36Cu2N4O8
Formula weight 535.54 563.60
Crystal system Triclinic Triclinic
Space group P1- P1-
T (K) 150 150
a /Å 6.8324 (3) 6.8283 (3) 
b /Å 8.6113 (3) 9.3019 (3) 
c /Å 10.4862 (3) 10.6562 (3) 
α /° 68.132 (4) 70.211 (6)
β /° 88.717 (3) 80.563 (7) 
γ /° 72.239 (4) 76.054 (6)
V /Å3 542.37 (4) 615.58 (8) 
Z 1 1
F(000) 278 294
Dcalc (g cm
–3) 1.640 1.520 
μ (mm–1) 2.01 2.55 
Measured reflections 12128 9439
Independent reflections 2724 2424
Rint 0.032 0.023
Observed reflections 2412 2360
R[F2 > 2σ(F2)] 0.028 0.024
wR(F2) (all data) 0.058* 0.061**
*w = 1/[σ2(F2) + (0.01P)2 + 0.69P], where P = (max(Fo2,0) +
2Fc
2)/3    ** w = 1/[σ2(F2) + (0.03P)2 + 0.52P], where P =
(max(Fo
2,0) + 2Fc
2)/3
Scheme 1. Synthesis of the complexes 1 and 2
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2. 4. Syntheses
Synthesis of 1, 2-di(λ4-azanyl)ethane dimethacryla-
te, L1 and 1,3-di(λ4-azanyl)propane dimethacrylate,
L2. 
The diaminum-methacrylic acid salts L1 and L2,
were prepared by reaction between two equivalents of
methacrylic acid (20 mmol, 1.70 mL) and one equiva-
lent of related diamine, 1,2-ethylendiamine (10 mmol,
0.67 mL) and 1,3-propandiamine (10 mmol, 0.84 mL)
in methanol medium (40 mL), respectively. The resul-
ting bright yellow solution was heated to reflux for two
hours. After two days, solid yellow powder obtained
was filtered, washed with acetone and acetonitrile, and
dried in air.
L1, Yield: 1.76 g (76%), m.p. 148 °C. Anal. Calc. for
C10H20N2O4 (232.28): C, 51.71; H, 8.68; N, 12.06%.
Found: C, 51.79; H, 8.69; N, 12.36%. IR (KBr, νmax/cm
–1)
bands: 3500, 1650, 1530, 1455, 1380 and 1230. UV-Vis,
λmax(CH3OH)/nm: 226 (log ε, 4.50).
L2, Yield: 1.50 g (61%), m.p. 123 °C. Anal. Calc. for
C11H22N2O4 (246.31): C, 53.64; H, 9.00; N, 11.37%.
Found: C, 53.36; H, 8.97; N, 11.65%. IR (KBr, νmax/cm
–1)
bands: 3393, 1646, 1543, 1455, 1386 and 1234. UV-Vis,
λmax(CH3OH)/nm: 216 (log ε, 3.73).
2. 4. 1. Synthesis of Copper(II) Complexes
Cu(CH3COO)2.H2O (2.00 mmol, 0.399 g) was
slowly added to a methanol solution (40 mL) of the rela-
ted ligand (L1, 2.00 mmol, 0.464 g and L2, 2.00 mmol,
0.492 g) and the resulting solution was stirred for two
hours at room temperature. The color of solution turned
to blue and after two days solid blue powder was obtai-
ned.
[Cu(en)(MAA)(μ-CH3COO)]2, 1
Yield: 0.99 g (93%). The blue solid product was re-
crystallized from acetonitrile/toluene (3:1 v/v). Blue cry-
stals appeared at the bottom of the vessel upon slow eva-
poration of the solvents, which were filtered and dried in
air. Anal. Calc. for C16H32Cu2N4O8 (534.54): C, 35.88; H,
6.02; N, 10.46%. Found: C, 35.62; H, 6.18; N, 10.36%. IR
(KBr, cm–1): 3254, 3154, 1630, 1592, 1559, 1454 and
1382. Electronic spectra for CH3OH: d-d, λmax (log ε) 332
nm (4.03), 633 nm (1.83).
[Cu(pn)(MAA)(μ-CH3COO)]2, 2
Yield: 0.48 g (43%). The blue solid product was re-
crystallized from dichloromethane/n-hexane/toluene (5:1:1
v/v). Blue crystals were obtained upon slow evaporation of
the solvents, which were filtered and dried in air. Anal.
Calc. for C18H36Cu2N4O8 (563.60): C, 38.36; H, 6.44; N,
9.94%. Found: C, 38.53; H, 6. 53; N, 9. 63%. IR (KBr,
cm–1): 3235, 3138, 1644, 1591, 1558, 1454 and 1384. Elec-
tronic spectra for CH3OH: d-d, λmax (log ε) 255 nm (4.38),
643 nm (2.07).
3. Results and Discussion
3. 1. Syntheses and Characterization 
of the Complexes
The diaminum-methacrylic acid salt ligands was
obtained by reaction of related diamine (ethylendiamine,
en, and 1,3-propylendiamine, pn) and methacrylic acid in
methanol under reflux. Copper(II) complexes 1 and 2 we-
re obtained from the reaction mixture of the related li-
gand with the corresponding Cu(CH3COO)2.H2O salt in
equimolar ratio in methanol as a solvent at room tempe-
rature. The reaction of copper(II) acetate with L1 and L2
ligands leads to the formation of dinuclear complexes 1
and 2. 
The most significant IR bands for ligands and com-
plexes are given in the experimental section. The IR spec-
tra of the free ligands, L1 and L2, shows ν(N–H) bands at
3500 and 3393, ν(C=C) bands at 1530 and 1543, respecti-
vely. The two strong bands at 1650 and 1455 cm–1 (for L1)
and 1646 and 1455 cm–1 (for L2) corresponding to stretc-
hing frequencies of the carboxylate group: asymmetric
νasym(COO
–) and symmetric νsym(COO
–), respectively. 
In IR spectra of complexes 1 and 2, the N–H stretc-
hes (NH2) were observed at 3254 and 3154 cm
–1 (for 1),
3235 and 3138 cm–1 (for 2). Complex 1, [Cu(en)(MAA)(μ-
CH3COO)]2, shows strong bands at 1630 and 1420 cm–1
(for methacrylate ion, MAA), 1601 and 1454 cm–1 (for
acetate ion) corresponding to stretching frequencies of the
carboxylate groups: asymmetric νasym(COO
–) and symme-
tric νsym(COO
–), respectively. For the acetate ion the diffe-
rence between asymmetric and symmetric frequencies
Δ[νasym(COO–) – νsym(COO–)] < 200 cm–1 indicates a brid-
ging coordination mode.17,33,34 The infrared spectrum of
complex 2 is quite similar with the complex 1. The bands
for the asymmetric and symmetric stretching vibrations,
due to the carboxylate groups appear at 1644 and 1402
cm–1 (for methacrylate ion, MAA), 1591 and 1454 cm–1
(for acetate ion).
The absorption spectra of the free ligands L1 and L2
in methanol solution show band n-π* transition at 226 and
216 nm, respectively. The electronic spectra of the copper
complexes 1 and 2 in methanol solution show a broad
band at 633 and 643 nm and a sharper signal at 255 and
246 nm, which arise from a spin-allowed d-d transition of
the copper(II) ion (d9 electronic configuration) and a char-
ge transfer transition, respectively.35,36
3. 2. Description of X-ray Crystal Structures
1 and 2
The molecular structures of 1 and 2 are shown in
Fig. 1. Both complexes 1 and 2 have dimeric structure.
Compounds crystallize in triclinic space group P1- and the-
re is one molecule in the unit cell (Z = 1). The single cry-
stal X-ray diffraction data for compounds 1 and 2 are li-
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sted in Table 1. Selected bond lengths and angles as well
as interatomic distances are summarized in Table 2. 
In the dimeric structures of 1 and 2, the two copper
centers are five-coordinate with distorted square pyrami-
dal geometry. Coordination geometry about each copper
ions complexes 1 and 2, are close to square pyramidal
with the Addison parameters τ = 0.015 and 0.121. The pa-
rameter of τ is defined as τ = (α – β)/60, (α > β), where α
and β are two largest angles around the Cu center; τ = 1
for a regular trigonal bipyramid and τ = 0 for a regular
square pyramid.37 According to the bond lengths between
the copper and the coordinating atoms, the square base
consists of two nitrogen atoms of the ethylendiamine (for
1) and 1,3-propandiamine (for 2) ligand, the oxygen atom
of the methacrylate ion and the bridging acetate oxygen
atom, and the apical position is occupied by the oxygen
atom of the bridging acetate which has the longer Cu–O
distance (i.e., the square base position consists of four
short bond lengths of 1.9507(14)–2.0015(17) Å (for 1);
1.9689(12)–2.0104(14) Å (for 2), along the apical posi-
tion with longer bond lengths of 2.2837(13) Å and
2.3069(11) Å, for 1 and 2, respectively). The copper ion in
complexes 1 and 2 is displaced from the basal plane of
N2O2 by 0.046 and 0.024 Å towards the apical oxygen
atom, respectively. The deviations from orthogonality of
the cis bond angles (80.29(4)–98.98(6)°) and from linea-
rity of the trans bond angles (168.70(5)–175.96(6)°)
shows distortions from ideal square pyramidal geometry
around the Cu centers.
The Cu...Cu distance within the dinuclear 1 is
3.1987(5) Å which is slightly shorter than in dinuclear 2
(3.2874(3) Å). The bond lengths Cu–O and Cu–N are in
the range of 1.9507(14)–2.3837(13) Å and 1.9825(14)–
Table 2. Selected bond lengths (Å) and angles (°) in Cu(II) comple-
xes 
bond lengths (Å)  bond angles (°)
Complex 1
Cu1–O2 1.9742(13) O2–Cu1–O2a 82.87(5)
Cu1–O2a 2.2837(13) O2–Cu1–O6 87.26(5)
Cu1–O6 1.9507(14) N15–Cu1–O2 173.75(6)
Cu1–N12 2.0015(17) N12–Cu1–O6 172.83(7)
Cu1–N15 1.9879(16) N12–Cu1–O2 88.13(6)
C3–O2 1.282(2) N15–Cu1–O6 98.98(6)
C3–O4 1.237(2) O6–C7–O8 125.53(18)
Cu1···Cu1a 3.1987(5) Cu1–O2–Cu1a 97.13(5)
Complex 2
Cu1–O1 2.3069(11) O1–Cu1–O1a 80.29(4)
Cu1–O1a 1.9850(11) O3–Cu1–O1 95.73(5)
Cu1–O3 1.9689(12) N1–Cu1–O3 168.70(5)
Cu1–N1 2.0101(14) N2–Cu1–O1a 175.96(6)
Cu1–N2 1.9825(14) N1–Cu1–O1 89.72(5)
C4–O1 1.2867(19) N1–Cu1–N2 94.08(6)
C4–O2 1.235(2) O3–C6–O4 125.39(16)
Cu1···Cu1a 3.2874(3) Cu1–O1–Cu1a 99.71(4)
Symmetry codes: –x, –y + 2, –z + 1 for 1 and x + 1, –y + 1, –z + 1
for 2.
Fig. 1. The ORTEP view of complexes 1 and 2 showing 30% probability thermal ellipsoids. Symmetry codes: –x, –y + 2, –z + 1 for 1 and x + 1, –y
+ 1, –z + 1 for 2.
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2.0104(14) Å, see Table 2), respectively, which have good
agreement with analogous square pyramidal Cu(II) com-
plexes previously reported.9,17,38–40 
In 1, the Cu1–(μ-O)–Cu1a (symmetry code a: –x, –y
+ 2, –z + 1) bond angle is 97.13(5)°, which is similar to
that in 2 (99.71(4)°, symmetry code a: x + 1, –y + 1, –z +
1, Table 2) and are in good agreement with analogous
Cu(II) complexes observed in the literature.2,9,17,41 In com-
plexes 1 and 2, the C–O bond lengths of carboxylate
groups in methacrylate and acetate ions are very similar
(see Table 2).
The oxygen atoms of carboxylate groups (acetate
and methacrylate ions) and the NH2 amine groups of the
diamine ligand (ethylendiamine for 1 and 1,3-propylen-
diamine for 2) play a significant role in intramolecular
and intermolecular hydrogen-bonding interactions (Figs.
2 and 3). In 1, the hydrogen atoms of the coordinated
ethylendiamine molecule are involved in an intermolecu-
lar hydrogen-bonding interaction with the oxygen atoms
of a neighboring coordinated methacrylate ion and the
oxygen atoms of uncoordinated methacrylate and acetate
ions. Also, there is an intramolecular hydrogen bonding
between the hydrogen atom H151 of the NH of the ethy-
lendiamine molecule with the oxygen atom O8 of uncoor-
dinated methacrylate ion. In 2, there are intermolecular
hydrogen bonding interaction between the hydrogen
Table 3. Hydrogen bonding (Å) and angles (°) in complexes 1 and 2
D–H···A D–H H···A D···A D–H···A Symmetry code
1 N15–H152···O4 0.88(3) 2.33(3) 3.084(3) 144(1) –x, –y + 2, –z + 1
N15–H152···O8 0.88(3) 2.58(3) 3.156(3) 128(1) –x + 1, –y + 1, –z + 1
N15–H151···O8 0.87(3) 2.24(3) 2.948(3) 138(1) x, y, z
N12–H122···O6 0.89(3) 2.40(3) 3.229(3) 155(1) –x, –y + 2, –z + 1
N12–H121···O4 0.86(3) 2.24(3) 2.997(3) 148(1) –x + 1, –y + 2, –z + 1
2 N1–H1···O3 0.81(2) 2.58(2) 3.257(3) 143(2) –x + 1, –y + 1, –z + 1
N1–H2···O2 0.84(2) 2.12(2) 2.930(3) 161(2) x – 1, y, z
N2–H3···O2 0.86(2) 2.25(2) 3.028(3) 152(2) x, y, z
N2–H4···O4 0.82(2) 2.13(2) 2.862(3) 149(2) x, y, z
Fig. 2. Various hydrogen bonding interactions in complex 1 (a) intramolecular (b), intermolecular.
Fig. 3. Various hydrogen bonding interactions in complex 2 (a) intramolecular (b), intermolecular.
a) b)
a) b)
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The differences between optimized geometrical pa-
rameters and experiment are less than 0.05 Å (bond distan-
ces) and 2° (bond angles) in most cases (see also Fig. 5). 
In general, the predicted bond lengths are slightly
longer in comparison with the values based upon the X-ray
crystal structure data. The geometrical differences might
atoms of the coordinated 1,3-propylendiamine molecule
with the uncoordinated oxygen atom O2 of the bridging
acetate ligand and coordinated oxygen atom O3 of the
methacrylate ion. Also, there are intramolecular hydrogen
bonding between the hydrogen atom of the NH of the 1,3-
propylendiamine molecule with the uncoordinated oxy-
gen atoms O2 and O4 of acetate and methacrylate ions,
respectively. Full details of the hydrogen bonding are gi-
ven in Table 3.
3. 3. DFT Optimized Geometries
The geometry optimization of copper complexes
were carried out in their singlet and triplet spin states. The
optimized geometric parameters at their most stable,
triplet states, is shown in Fig. 4. 
As shown in Table 4, the calculated bond lengths for
the studied complexes agree well with the X-ray experi-
mental data. For example, the calculated Cu1–N12,
Cu1–N15, Cu–O6 and Cu–O2 bond lengths for the dinuc-
lear complex 1 are 2.00, 2.05, 1.96 and 2.00 Å, and they
correlate nicely with the experimental values of 2.00,
1.99, 1.95 and 1.97 Å, respectively. 
Fig. 4. The optimized structures of the complexes 1 and 2.
Fig. 5. Atom-by-atom superimposition of the calculated structures
(black) over the X-ray structure (red); hydrogen atoms have been
removed for clarity.
Table 4. Selected geometric parameters from X-ray and DFT-B3LYP calculations
Bond length (Å) Expt. Calc. |ΔLd| Bond angle (°) Expt. Calc. |ΔLθ|
1 Cu1···Cu1a 3.20 3.09 0.11 O2–Cu1–O6 87.3 91.1 3.8
Cu1–O2 1.97 2.00 0.03 N12–Cu1–O2 88.1 85.3 3.0
Cu1–O6 1.95 1.96 0.01 N15–Cu1–N12 85.4 82.6 3.0
Cu1–N12 2.00 2.00 0.08 N15–Cu1–O6 99.0 100.9 1.9
C3–O2 1.28 1.29 0.02 Cu1– O2– Cu1a 97.1 94.4 2.7
2 Cu1···Cu1a 3.29 3.26 0.03 O3–Cu1–O1 95.7 97.7 2.0
Cu1–O3 1.97 2.00 0.03 N1–Cu1–O3 168.7 165.19 3.5
Cu1–N2 1.98 2.01 0.03 N1–Cu1–N2 94.1 95.5 1.4
C4–O1 1.29 1.30 0.01 N2–Cu1–O3 95.2 97.8 2.6
Cu1– O1– Cu1a 99.7 97.0 2.7
Symmetry codes: –x, –y + 2, –z + 1 for 1 and x + 1, –y + 1, –z + 1 for 2.
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be a result of crystal packing forces which have an influen-
ce on the molecules as expected for the experimental ones
(solid state), but the calculated geometries are in the gas
phase.40,42 The crystal packing forces, which have an inf-
luence on the molecules, as expected for the experimental
parameters (solid state), are a reason for the difference of
calculated bond lengths in the gas phase and solid phase.
The calculated charges on the metal centers in com-
plexes 1 and 2 are +0.875 and +0.873 respectively, and
these values are greatly lower than the formal charge of
+2. These differences are a result of charge donation from
the donor atoms of ligands. 
4. Conclusion
The reaction of copper(II) acetate with L1 and L2 li-
gands led to the formation of dinuclear copper(II) complexes
1 and 2. The crystal structures were determined for two stu-
died complexes. An acetate oxygen bridge, a relatively rare
bridging mode of the carboxylate group, has been found in
dinuclear complexes 1 and 2. Coordination geometry for
each copper ion was square pyramid. The optimized structu-
re of complexes have been studied using the B3LYP/6-
31G(d)/LanL2DZ level of theory. The calculated molecular
geometries are in a very good agreement with the experimen-
tal data. It has been revealed that the triplet state for copper
complexes 1 and 2 are more stable than their singlet state.
5. Supplementary Material
The deposition numbers of the studied complexes 1
and 2 are CCDC 1481551 and 1481552, respectively.
These data can be obtained free-of-charge via
www.ccdc.cam.ac.uk/data_request/cif, by emailing data-
request@ccdc.cam.ac.uk, or by contacting The Cambrid-
ge Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, UK; fax +44 1223 336033.
6. Acknowledgement
MN is thankful to Prof. Michelle L. Coote and Re-
search School of Chemistry, The Australian National Univer-
sity for the offer of campus visiting position and for the
Gaussian calculations. MC is grateful to the graduate school
of Yazd University for the post-graduate scholarships. MN
and RV are also grateful to Yazd University and the Austra-
lian National University for their valuable support.
7. References
1. F. Yu, V. M. Cangelosi, M. L. Zastrow, M. Tegoni, J. S. Ple-
garia, A. G. Tebo, C. S. Mocny, L. Ruckthong, H. Qayyum,
V. L. Pecoraro, Chem. Rev. 2014, 114, 3495–3578.
https://doi.org/10.1021/cr400458x
2. R. Vafazadeh, F. Jafari, M. M. Heidari, A. C. Willis, J.
Coord. Chem. 2016, 69, 1313–1325. 
https://doi.org/10.1080/00958972.2016.1163547
3. Q. R. Cheng, F. Q. Zhang, H. Zhou, Z. Q. Pan, G. Y. Liao, J.
Coord. Chem. 2015, 68, 1997–2005. 
https://doi.org/10.1080/00958972.2015.1032272
4. R. Vafazadeh, A. C. Willis, J. Coord. Chem. 2015, 68, 2240–
2252. https://doi.org/10.1080/00958972.2015.1048688
5. M. Lukyanov, E. Goreshnik, V. Kinzhybalo, M. Myskiv, Ac-
ta Chim. Slov. 2017, 64, 215–220.
6. D. Zhang, L. Kong, H. Zhang, Acta Chim. Slov. 2015, 62,
219–224.
7. S. Shit, U. Yadava, D. Saha, R. Fröhlich, J. Coord. Chem.
2013, 66, 66–76.
https://doi.org/10.1080/00958972.2012.747088
8. S. Hazra, A. Karmakar, M. de Fátima C. Guedes da Silva, L.
Dlhán˘, R. Bo~a, A. J. L. Pombeiro, New J. Chem. 2015, 39,
3424–3434. https://doi.org/10.1039/C5NJ00330J
9. R. Vafazadeha, R. Esteghamat-Panaha, A. C. Willisc, A. F.
Hill, Polyhedron 2012, 48, 51–57.
https://doi.org/10.1016/j.poly.2012.08.057
10. R. Vafazadeh, N. Hasanzade, M. M. Heidari, A. C. Willis,
Acta Chim. Slov. 2015, 62, 122–129.
https://doi.org/10.17344/acsi.2014.797
11. R. Vafazadeh, A. C. Willis, Acta Chim. Slov. 2016, 63, 186–
192. https://doi.org/10.17344/acsi.2016.2263
12. Z. Yolcu, S. Demir, Ö. Andaç, O. Büyükgüngör, Acta Chim.
Slov. 2016, 63, 646–653.
https://doi.org/10.17344/acsi.2016.2475
13. X. J. Li, K. Zheng., Y. T. Li, C. W. Yan, Z. Y. Wu, S. Y. Xuan,
J. Coord. Chem. 2015, 68, 928–948.
https://doi.org/10.1080/00958972.2015.1009452
14. X. Z. Zhang, Y. Gu, Y. Li, A. Liu, F. Liu, Z. You, H. L. Zhu,
Acta Chim. Slov. 2016, 63, 721–725.
https://doi.org/10.17344/acsi.2016.2421
15. C. J. Lina, J. L. Qia, Y. Q. Zheng, J. L. Lina, J. Coord. Chem.
2013, 66, 3877–3890.
https://doi.org/10.1080/00958972.2013.853053
16. S. Singh, D. Saini, S. K. Mehta, D. Choquesillo-Lazarte, J.
Coord. Chem. 2011, 64, 1544–1553.
https://doi.org/10.1080/00958972.2011.575133
17. R. Vafazadeh, Z. Moghadas, A. C. Willis, J. Coord. Chem.
2015, 68, 4255–4271.
https://doi.org/10.1080/00958972.2015.1096349
18. G. T. Musie, X. Li, D. R. Powell, Inorg. Chim. Acta 2006,
359, 1989–1996. https://doi.org/10.1016/j.ica.2005.12.075
19. P. A. Vigato, S. Tamburini, Coord. Chem. Rev. 2004, 248,
1717–2128. https://doi.org/10.1016/j.cct.2003.09.003
20. M. E. Bravo-Gómez, J. C. García-Ramos, I. Gracia-Mora, L.
Ruiz-Azuara, J. Inorg. Biochem. 2009, 103, 299–309.
https://doi.org/10.1016/j.jinorgbio.2008.10.006
21. A. D. Vizcaya-Ruiz, A. Rivero-Muller, L. Ruiz-Ramirez, G.
E. N. Kass, L. R. Kelland, R. M. Orr, M. Dobrota, Toxicol. In
Vitro 2001, 14, 1–5.
620 Acta Chim. Slov. 2017, 64, 613–620
Vafazadeh et al.:  Synthesis, X-ray Structural Characterization,   ...
https://doi.org/10.1016/S0887-2333(99)00082-X
22. Z. Otwinowski, W. Minor. Methods in Enzymology, Vol.
276, edited by C. W. Carter Jr & R. M.W. Sweet, New York:
Academic Press, 1997, 307–326.
23. A. Altomare, G. Cascarano, G. Giacovazzo, A. Guagliardi,
M. C. Burla, G. Polidori, M. Camalli, J. Appl. Cryst., 1994,
27, 435–436.
24. P. W. Betteridge, J. R. Carruthers, R. I. Cooper, K. Prout, D.
J. Watkin, J. Appl. Cryst., 2003, 36, 1487–1487.
https://doi.org/10.1107/S0021889803021800
25. W. J. Hehre, L. Radom, P. V. R. Schleyer, J. A. Pople, Ab ini-
tio Molecular Orbital Theory, Wiley, New York, 1986.
26. Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H.
B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman,
G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H.
Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmay-
lov, J. Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M.
Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Na-
kajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Mont-
gomery Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd,
E. Brothers, K. N. Kudin, V. N. Staroverov, T. Keith, R. Ko-
bayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Bu-
rant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Mil-
lam, M. Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Ada-
mo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev,
A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L.
Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Sal-
vador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Far-
kas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, D. J. Fox,
Gaussian Inc., Wallingford CT, 2010.
27. A. D. Becke, J. Chem. Phys. 1993, 98, 5648–5652.
https://doi.org/10.1063/1.464913
28. (a) L. A. Curtiss, P. C. Redfern, K. Raghavachari, J. Chem.
Phys. 2007, 126, 084108–084120. (b) J. B. Foresman, A. E.
Frisch, Exploring Chemistry with Electronic Structure Met-
hods, Gaussian Inc., Pittsburgh, PA, 1998. 
https://doi.org/10.1063/1.2436888
29. P. J. Hay, W. R. Wadt, J. Chem. Phys. 1985, 82, 270–283.
https://doi.org/10.1063/1.448799
30. P. J. Hay, W. R. Wadt, J. Chem. Phys. 1985, 82, 284–298.
https://doi.org/10.1063/1.448800
31. P. J. Hay, W. R. Wadt, J. Chem. Phys. 1985, 82, 299–310.
https://doi.org/10.1063/1.448975
32. J. P. Foster, F. Weinhold, J. Am. Chem. Soc. 1980, 102,
7211–7218. https://doi.org/10.1021/ja00544a007
33. Y. Thio, X. Yang, J. J. Vittal, Dalton Trans. 2014, 43, 3545–
3556. https://doi.org/10.1039/c3dt52829d
34. K. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds, 4th ed., Wiley, New York, 1986.
35. B. Shaabani, A. A. Khandar, M. Dusek, M. Pojarova, F.
Mahmoudi, A. Feher, M. Kajnakova, J. Coord. Chem. 2013,
66, 748–762. 
https://doi.org/10.1080/00958972.2013.764413
36. N. K. Singh, M. K. Bharty, R. Dulare, R. J. Butcher, Poly-
hedron 2009, 28, 2443–2449.
https://doi.org/10.1016/j.poly.2009.04.030
37. A. W. Addison, N. Rao, J. Reedijk, J. V. Rijn, G. C. Versc-
hoor, J. Chem. Soc. Dalton Trans. 1984, 1349–1356.
https://doi.org/10.1039/DT9840001349
38. S. Shit, C. Marschner, S. Mitra, Acta Chim. Slov. 2016, 63,
129–137. https://doi.org/10.17344/acsi.2015.2024
39. R. Vafazadeh, B. Khaledi, A. C. Willis, Acta Chim. Slov.
2012, 59, 954–958.
40. R. Vafazadeh, B. Khaledi, A. C. Willis, M. Namazian, Poly-
hedron 2011, 30, 1815–1819.
https://doi.org/10.1016/j.poly.2011.04.026
41. R. Vafazadeh, M. Alinaghi, A. C. Willis, A. Benvidi, Acta
Chim. Slov. 2014, 61, 121–125.
42. G. Alpaslan, M. Macit, Spectrochim. Acta A, 2014, 121,
372–380. https://doi.org/10.1016/j.saa.2013.10.111
Povzetek
Sintetizirali smo dva dvojedrna Cu(II) kompleksa [Cu(en)(MAA)(μ-CH3COO)]2 (1) in [Cu(pn)(MAA)(SSTimes-
CH3COO)]2 (2), kjer so MAA, en in pn metacrilat, etilendiamin in 1,3-propilendiamin, ter jih okarakterizirali z element-
no analizo, FT-IR in UV-Vis spektroskopijo. Strukturi kompleksov sta bili dolo~eni z monokristalno rentgensko difrak-
cijo. V dvojedrnih kompleksih 1 in 2 imajo bakrovi centri koordinacijsko {tevilo pet s popa~eno kvadratno piramidalno
geometrijo. Izra~unane geometrije prou~evanih spojin so bile dolo~ene s pomo~jo teorije gostotnostnega funkcionala
(DFT) na B3LYP/6-311+G(d,p)/LanL2DZ nivoju z uporabo ECP.
